and VanderWeele [1] provide a clear rationale for choosing an additive model. Similarly, VanderWeele, Jackson, and Li [2] describe how marginal structural models can overcome obstacles in the use of longitudinal data to resolve the longstanding controversy about reverse causation in the relationship between religious service attendance and depression. In both instances, methods from the potential outcomes framework solve important technical problems in the estimation of causal effects in social and psychiatric epidemiology.
Introduction
Two papers in this issue, "Disparities at the Intersection of Marginalized Groups" [1] and "Causal Inference and Longitudinal Data: A Case Study of Religion and Mental Health" [2] , provide compelling arguments for the utility of methods grounded in a potential outcomes framework in social and psychiatric epidemiology. While these methods can sometimes seem complex, the authors provide very clear and accessible guidance for their use.
However, as with all methods transitioning from technical development to widespread accessibility, to application beyond their original purpose, one unintended consequence of this clarity may be their inappropriate use and interpretation in future applications. In this commentary, I will discuss two such potential risks: conflating realized causal effects with intervention effects and substituting methodological assumptions for theory.
Motivating examples
The first paper focuses on interaction, a central concept in theories of the intersectionality of social categories. The scale dependence of statistical measures is a key barrier to the fruitful application of quantitative methods to address questions about intersectionality [3] ; Jackson, Williams, to change the exposure in a specific way from one value to another. The utility and goal of estimating causal effects is often described as providing information about changing the world through interventions rather than as attempts to explain how the world works [4] .
This framework therefore fits best with exposures that can be conceptualized as treatments in a hypothetical RCT. Some researchers reserve the term 'causal effect' for factors that can be manipulated (e.g., [5] ); other researchers are not as strict and frame the requirement as a "well-defined intervention" (e.g., [6] ). There is considerable controversy about the parameters of "well-defined", but an essential feature is that to describe a hypothetical intervention there should be a statement about how the exposure would be changed [6, 7] . This perspective seems unproblematic when applied to questions like the causal effect of AZT on HIV, where the exposure is readily conceptualized as a treatment that we would indeed like to apply and where we can easily imagine manipulating the exposure in an RCT. However, imagining the RCT-like intervention that would change the way in which individuals are socially categorized, or change their attendance at religious services, is not as easy.
In the paper Causal Inference and Longitudinal Data [2] , the authors define the causal effect generally estimated by marginal structural models as: "… the counterfactual outcome … had there been interventions on the exposure at follow-up visits 1, 2 and 3 to fix these values." (p. 22). This definition aligns with the potential outcomes defintion we described above. In applying this method to religious service attendance, however, there is no description of how we would assign people to attend religious services; no intervention is specified. The type of intervention surely matters because there are many different "versions of treatment". The motivations for attending services-to atone for sins, to gain a sense of community, because of family pressure-could each have different, even opposing, effects on the development of depression. The interpretation of the causal effect estimated from the marginal structural model is therefore not obvious.
Similarly, in Disparities at the Intersection of Marginalized Groups, race, early SES and their intersection are also not well-defined interventions. Indeed, within epidemiology these variables, particularly race, are often considered "attributes", to which the potential outcomes definition of a causal effect does not directly apply [8, 9] . In both instances, then, the causal effects do not represent what would happen if we intervened in a particular way to change the exposure from one value to another. The exposures represent contested terrain since they do not meet the potential outcomes requirement for manipulability or well-defined interventions. So, exactly how should we interpret the effects estimated by the decomposition 1 and marginal structural models? Is a causal interpretation feasible?
The interpretation of the "causal effects" in these two papers
We think that a reasonable interpretation of this causal effect is the one expressed by Vanderweele [10] in his recent book which explicates potential outcomes approaches to the estimation of mediation and interaction. This is a counterfactual definition [11] , but one that does not rely on the intervention specification that is required for interpreting causal effects within a potential outcomes framework. We think this represents a realized causal effect [12] . "The [potential outcomes] framework provides a formal and technical notation to conceptualize causation. This is done principally by conceiving of what might have occurred had some action or state been otherwise than it was. If some outcome would have been different had some exposure or action been other than it was, then we would say the exposure or action causes or affects that outcome … What the counterfactual framework allows for principally is a set of definitions that provide either criteria or sufficient conditions indicating that some event or exposure was a cause of another" (p. 4).
This effect answers the crucial question-did the exposure cause the outcome? There are three things of note in VanderWeele's definition that distinguish it from the more common definitions of potential outcomes. First, it specifically allows "states" as legitimate exposures for estimating causal effects; second, there is no intervention invoked; and third, it is about what actually happened rather than a prediction of what would happen under some intervention. Here, the counterfactual is a thought experiment, akin to Pearl's surgery on equations-a causal contrast without an articulation of how the exposure was removed [13] .
A realized causal effect cannot be interpreted as an estimate of some potential intervention on the exposure. Nonetheless, such causal effects are quite useful when the research question is about understanding how causes work in the world as a prelude to designing useful interventions. This interpretation seems well suited to the causal effects estimated in these papers, but is a departure from more common interpretations of potential outcomes effects. We think it would be helpful to "name" this type of causal effect to avoid inappropriate interpretations and recognize differences in the assumptions necessary for valid estimation.
Starting from the theory
Just as the interpretation of causal effects change when a method is applied outside the domain in which it was developed, the meaning of a social construct can change and require interpretational attention when uprooted from its theoretical origins. Intersectionality is a prime example. The paper on intersectionality [1] rightly focuses on interaction as an important component for quantitative studies of intersectionality that could benefit from potential outcomes approaches. The authors chose a particular additive model, the joint disparity decomposition model, due to its intrinsic policy value in describing the gains that would be achieved were the disparity removed, and because "the decomposition sheds light on the importance of each social status category and its intersection" [2] (p. 15). While these certainly represent benefits of the decomposition model, are these benefits commensurate with the concept of intersectionality? Does this measure advance the intersectionality theory? Would another measure have been chosen if we started from the social concepts and their theoretical underpinnings, rather than the methodological toolbox?
In considering these questions, let us take as an example the direct policy relevance of the decomposition model in relation to intersectionality theory. Although intersectionality draws our attention to groups which are overlooked when only one dimension of disadvantage is examined, it is hard to imagine that the effects estimated describe the "absolute gains in the population outcome that would be achieved were the disparity removed" p. 7. While this interpretation fits with causal effects for specific interventions, it does not fit with effects for which no intervention is specified. Interventions to reduce disparity would likely have effects through mechanisms other than changing the disparity. For example, even if intersectionality were important in determining incarceration rates, the disparity may be addressed through changes in policing policies and sentencing laws that may affect the absolute incarceration rate in many ways other than the disparity removal. The effect of intersectionality in producing the outcome, what the study estimates, and the effect of removing the disparity may well differ. Indeed, this interpretational problem is well recognized in potential outcomes approaches that require well-defined interventions [6] .
Consider, for example, how the second justification for this approach, the decomposition component, may also alter the meaning-and intended purpose-of intersectionality theory. The notion of decomposing the causal effect into the proportion that is due to race, due to early SES, and due to their interaction, is antithetical to an intersectionality perspective. As articulated in the introduction to the paper, "an intersectional perspective recognizes that social categories are mutually constitutive in that the experience of one social category may differ across other categories". While finding an interaction indicating that race and early SES have greater effects than would be expected based on the additive effects of each alone supports intersectionality in producing these outcomes, it is difficult to imagine that a "mutually constitutive social category" could be divided into its component parts. Intersectionality does not only imply that the racialized low SES group has a greater burden than would be expected based on the independent effects of race and SES, but that the very concepts of race and SES themselves are race and class specific. Because of this interdependence in defining the exposure, the effect for the white low SES group is not the effect of low SES alone; rather, it is the effect of low SES in the context of being white.
Indeed, in the discussion section of the paper, these processes are clearly described. Thus, the decomposition method alters the very meaning of intersectionality. Perhaps, a method that provides evidence of an interaction but does not allow for the decomposition of the effects, rejected by these authors, would have been more consistent with the meaning of intersectional effects.
To maintain the integrity of the constructs, it might be useful to start from intersectionality theory about the particular outcomes under investigation-that is some theory about how race and early life SES intersect to create disparities in employment, wages and incarceration. For example, if we started from the theories described in the discussion section of the paper, rather than invoking them to help interpret the results from the decomposition models, what tools from the potential outcomes treasure trove would we select?
If we start with intersectionality theory, a central notion is that the meaning of social statuses and identities are context dependent. The meaning of race depends on early SES and the meaning of early SES depends on race-they are inextricably linked. This concept would seem closest to the sufficient cause model of interaction and suggest the use of methods for assessing this "mechanistic" interaction [10] . As Vanderweele notes, this type of interaction focuses on "why and how" particular exposures affect outcomes in addition to the "for whom" and "to what extent" of other additive interaction approaches. The rich theorizing and qualitative evidence from intersectionality's roots provide hypotheses about the processes through which social statuses and identities emerge and describe which intersections are relevant for particular outcomes. They are about the "whys and hows".
Potential outcomes approaches to mediation would also be useful to test the mechanisms through which intersectionality is hypothesized to affect particular outcomes. For example, in the discussion section it is hypothesized that race and low SES may intersect due to the poor quality of schools in segregated neighborhoods. This mediational process could be examined using potential outcomes-based approaches. The question about the appropriate scale to test intersectional interactions could be confronted, with arguments made for the general preference for additive models but with the particular type of interaction dependent on the specific question, hypotheses, and goals of the social theory.
Conclusion
These articles will certainly encourage the use of tools from the potential outcomes framework to address a broader array of causal questions. Strict interventionist interpretations of the requirements for the estimation of causal effects have sometimes discouraged the application of counterfactual frames to the types of causal questions that are common in social and psychiatric epidemiology (e.g., [14] ). The two articles in this volume amply illustrate the utility of the potential outcomes frame even when the exposure is not "manipulable" in the sense of being assignable in an RCT. However, as these tools are applied to questions for which they were not developed, at least within epidemiology, we need to attend to the appropriate interpretation of the causal effects estimated, and the commensurability of the way in which the methods have been used in the past to their utility in new arenas. On the other hand, we need to ensure that the constructs on which the questions are based remain intact when scrutinized using potential outcomes approaches. In this work, we need to ensure that the theory and question drives the method rather than the reverse.
